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Introduction
In mammals, the biosynthesis of long-chain polyunsaturated fatty acids (LCPUFAs) from 18-carbon chain essential fatty acids is carried out by the elongases, and ∆5-and ∆6-desaturases in the endoplasmic reticulum (Sprecher et al. 1995) . These desaturases are encoded by the fads1 and fads2 genes, respectively, and together with the fads3 gene on human chromosome 11 (11q12-13.1) create the cluster, which genetic variations determine the LCPUFA levels in cell membrane and in circulation (Marquardt et al. 2000; Mathias et al. 2014) . The Δ6-desaturase is the rate-limiting enzyme of the LCPUFA synthesis; it introduces the double cis bonds at both n-3 and n-6 LCPUFAs by O 2 -dependent subtraction of two hydrogens from a methylene group of hydrocarbon chains.
Dietary fatty acids are signaling molecules that regulate biological processes via regulation of metabolic enzyme gene transcription. It has been demonstrated that LCPUFAs downregulate the transcription of key lipogenic enzymes, including ∆6-desaturase (FADS2) (Clarke and Jump 2001) , acting as feedback inhibitors of their own synthesis. In the cells, nonesterified PUFAs bind to the sensors that belong to the family of peroxisome proliferator-activated receptors (PPARs) (Bordoni et al. 2006) . PPARs heterodimerize with retinoid X receptors (RXRs) activated by vitamin A derivatives, such as 9-cis retinoic acid (Zapata-Gonzalez et al. 2007) , and bind to regulatory elements in the promoters of responsive genes (Hermanson et al. 2002) . The PPAR isoforms (PPARα, PPARβ /δ, and PPARγ) and RXRβ isotype have been found in cultured astrocytes by fluorescence imaging and Western blot (Chistyakov et al. 2015) . A recent study utilizing quantitative PCR and double immunofluorescence showed high expression of PPARα and low expression of PPARγ in the mouse cortical astrocytes (Warden et al. 2016) . Furthermore, interaction between DHA and RXR has been demonstrated in the brain (Lengqvist et al. 2004) . et al. 1991) , it has been proposed that astrocytes supply lipids to neurons (Tabernero et al. 2001) . The regulation of fads2 gene expression by dietary fatty acids has been extensively investigated in the liver (Nara et al. 2002) , however, the mechanism of fatty acid regulation of this gene in astrocytes remains unknown. To better understand this process, the present study examines the effect of palmitic acid (PA; C16:0), α-linolenic acid (ALA; 18:3 n-3), and DHA (22:6 n-3) on FADS2 mRNA and protein levels in rat astrocytes. Since vitamin A derivatives activate RXRs, the obligatory heterodimer of the PPAR transcription factor, the study investigates whether pretreatment of astrocytes with vitamin A may influence fads2 gene transcription, which is regulated by fatty acids.
Materials and methods
Primary astrocytes were prepared from newborn 1-2 days old Wistar rats as previously described The fads2 gene expression was examined by reverse transcription quantitative polymerase chain reaction PCR (RT-qPCR). Total RNA was isolated from astrocytes using TRIZOL RNA reagent (Invitrogen Life Technologies USA). The quantity and purity of the extracted RNA was checked with a PicoDrop Microliter UV/Vis Spectrophotometer. A ratio A 260/280 of 1.9 -2.1 was taken as pure RNA.
The RNA quality was determined using a 2100 Bioanalyzer (Agilent Technologies). The RNA samples used in the reverse transcription reaction were calculated and diluted to the same concentration and quality (RIN value was > 7). Reverse transcription of 1μg of total RNA was performed in a total 20 μl using Superscript III reverse/ ImProm-II TM reverse transcriptase (Promega USA), dNTPs and random hexamer primers (Invitrogen Life Technologies USA) for 1 h at 50°C. The obtained cDNA was used for qPCR reaction.
Expression of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. The following primer pairs: 5'GTTCTTCTTTCTCCTCCTGTCCC-3' (forward) and 5'-5 CATTGCCGAAGTACGAGAGGAT-3' (reverse); 5'-CATGGCCTTCCGTGTTCCTA-3' (forward) and 5'-CCTGCTTCACCACCTTCTTGA-3' (reverse) were used to detect the mRNA of FADS2 and GAPDH, respectively. Gene expression was quantified using an ABI Prism 7000 Sequence Detection System analysis was performed with Image-J software. Beta-actin was used as a loading control. To detect β-actin protein, the same blot was reprobed with mouse anti-β actin monoclonal antibody (sc-47778), after stripping in buffer containing DTT; the detection was performed using secondary antibody-HRP conjugate, as described above.
To compare the effects of three different fatty acids, one-way analysis of variance (ANOVA)
followed by the Newman-Keuls multiple comparison test was used. P-values < 0.05 were considered significant.
Results
The effects of fatty acids differing in the numbers of double bonds on fads2 gene expression in astrocytes non-primed and primed with vitamin A are shown in figure 1A . The precise mechanism of this effect is not recognized yet, however, we speculate that it may be similar to the mechanisms of the regulation of nuclear receptor by fatty acids (Jump 2013). The PPAR response element in the promoter of the FADS2 gene was identified as direct repeat sequence 1 (DR1) (Tang et al. 2003; Rakhshandehroo et al. 2010) . To carry out most of their functions, the PPARs must heterodimerize with RXR; as this is a heterodimerization partner of about twenty other nuclear receptors, some heterodimers also share the same DR1 element. Both PPAR and RXR mRNAs have been found in cortical astrocytes (Cullingford et al. 1998) . Dietary retinol is converted to 9-cis isomer and all-trans retinoic acid (Conaway et al. 2013) , the ligands of RXRs and RAR, respectively, which could form a variety of heterodimers competing to bind to the DR1 and for cross-talk with the PPAR:RXR heterodimer (Chan and Wells 2009). As a result, the coactivators can have better access to the PPAR:RXR complex to enhance FADS2 promoter activity.
In conclusion, vitamin A may affect LCPUFA production in astrocytes, which is especially important for upregulation of fads2 gene expression by DHA. These findings can contribute to the development of a molecular strategy to increase LCPUFA synthesis by astrocytes. 
